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Fermi Gl Opportunities

Mission Overview

Jan. 13, 2021

E. Hays and J. Racusin

;ga
)
jab)
=
=
b
-

y
=
o .
o
2]
™
=~
0 4
(D
m
)
o
ae
™




The Fermi Observatory

Large Area Telescope
(LAT)

Gamma-ray Burst
Monitor (GBM)

Large field of view

(>2.4 sr)
Views entire

Entire sky every 3 hrs unocculted sky

(every 2 orbits)
Nal: 8 keV - 1 MeV
Broad energy range

(20 MeV - >300 GeV) BGO: 150 keV - 40

MeV




Fermi discoveries cover a broad range of astrophysics
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* Fermi users make Fermi Science great

* The Gl program is the heart of Fermi science

* Funds all aspects of science investigation: analysis, correlated studies,
theory, and multiwavelength data collection

* Fermiis the only mission program dedicated to high-energy gamma-ray data
analysis
* Fermi science is increasing with time
* New topics and questions, new discoveries, new multiwavelength and
multimessenger facilities and capabilities
* Fermi support grows with the users
* New data products
* New analysis tools
* New catalogs
* New partners
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Pipelines

Transients Timescale

Fermi Transient Searches

Pipeline
Method
Timescale

Likelihood Around GBM/BAT triggers

LAT Transient Factor (LTF)

seconds to orbits
LAT Team - Results in GCNs
Triggered + Blind Search

Distribution
Status

Likelihood Around GBM/BAT triggers

LAT Burst Advocate Tool

Fermi All-sky Variability
Analysis (FAVA)

Counts Map Aperture Photometry
3 day (coming soon), 1 week
ATels, FAV catalogs
http.//fermi.gsfc.nasa.gov/ssc/
data/access/lat/FAVA/

GBM Targeted Search 100s, 1000
LAT Team - Results in GCNs
ground search LAT Automated Science | LAT Catalogs
ms-s Processing (ASP) + Flare F%T_elrﬁlc_)szésolfllEtlc;%SR
Temporal/Spatial Input GBM Onboard Triggers Advocates , . , ,
rate triggers Likelihood http://fermi.gsfc.nasa.gov/
GBM Untargeted Search 16 ms - minutes 6 & 24 hour ssc/data/access/
ground search GCN Notices ATels, GCN notices (on AGN)
ms - s
GCN Notices < — P
HS ms s minutes hours days months years
Pulsars
Solar Flares Novae
All Sky y-ray
Photon Cadence Binaries
Timing

Terrestrial y-ray
Flashes

Blazar Flares

Not to scale



“ Recent Data and Catalog Releases

* Large Area Telescope

e 8-year LAT catalog (4FGL) — February 2019

* Interstellar emission model update — March
2019

e 2nd AT GRB Catalog — July 2019

e 10-year LAT catalog (4FGL-DR2) update to 4FGL
— May 2020

* Coming soon! 10-year AGN catalog and Solar
Flare catalog
* Gamma-ray Burst Monitor
» 4t GBM GRB Catalog — April 2020

e Custom pulsation search — March 2020
e GBM Data Tools release — March 2020

Jul 14, 2008

# of GRBs: 2
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https://fermi.gsfc.nasa.gov/ssc/data/access/lat/8yr_catalog/
https://iopscience.iop.org/article/10.3847/1538-4357/ab1d4e
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/10yr_catalog/
https://iopscience.iop.org/article/10.3847/1538-4357/ab7a18
https://gammaray.nsstc.nasa.gov/gbm/science/pulsars.html
https://fermi.gsfc.nasa.gov/ssc/data/analysis/gbm
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_z2 Observatory Status: Excellent

* Operations continue to be extremely stable and reliable.
* Both instruments exceed performance at time of launch.

* No consumables; no expected instrument limitations
* The orbit can be maintained until the 2030s.

* Observations conducted in traditional all-sky survey and modified sky
survey since 2019 to accommodate one solar array panel that no
longer rotates.

Traditional survey = all-sky every 3 hours
Sine-modified survey = 85% sky every 1.5 hours,
all-sky within a week

Exposure more limited toward Sun, but
available at off-axis angles.
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_== The Future of Fermi Science

* The future of Fermi is bright!

* Users can build on the strong foundation of data, catalogs, and analysis
tools and techniques to dig deeper into the high-energy Universe and to
catch new events as they happen.

* We welcome your ideas for programs aiming to make new discoveries and
meet new needs for time domain and multi-messenger science

* Got a question? We're here to help!

Liz Hays, Fermi Project Scientist

Judy Racusin, Fermi Deputy Project Scientist
Chris Shrader, Fermi Science Support Center Lead
Fermi Help Desk



mailto:elizabeth.a.hays@nasa.gov
mailto:judith.racusin@nasa.gov
mailto:chris.r.shrader@nasa.gov
mailto:fermihelp@milkyway.gsfc.nasa.gov
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/ Space Telescope

Large Area Telescope
& GBM

hite Sands
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= Fermi Mission Organization

Fermi Project

PS: Liz Hays
Deputy PS: Judy Racusin
MW Coordinator: Dave Thompson

LAT Instrument Team

Mission Operations Center GBM Instrument Team

Mission Manager: Beth SCITZ;E_ iﬁﬂgg:\tracdee?ter PI: Colleen Wilson-Hodge
Pumphrey : (MSFC)

Pl: Peter Michelson
(Stanford)
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_<Fermi Data Products
Gamma-r.ay Space Telescope ’ ﬂ&\ \ \\,

Home Support Center Observations Proposals Library HEASARC -
o Aperture Photometry Light Curves

= Aperture Photometry Light Curves for LAT 4-year Catalog Sources (Updated Weekly)

Data C urren t I y AV al I a b I e D ata P ro d u Cts = Flaring Sources in the LAT 4-year Aperture Photometry Light Curves (Updated Weekly)
» Data Policy = Aperture Photometry Light Curves for the LAT 2-year Source Catalog
The Fermi data released to the scientific community is governed by the data policy. The released instrument data for the GBM, along » Flaring Sources in the LAT 2-year Aperture Photometry Lightcurves

» Data Access with LAT source lists, can be accessed through the Browse interface specific to Fermi. LAT photon data can be accessed through X

+ LAT Data the LAT data server. o LAT High Energy Source Catalog

+ LAT Catal = LAT Third High Energy Source Catalog (3FHL)

et The FITS files can also be downloaded from the Fermi FTP site. The file version number is the 'xx' in the characters before the LATS d High-E s Catalog (2FHL
+LAT Data Queries extension in each filename; you should keep track of the version numbers of files you analyze since the instrument teams may " econd High-Energy Source Catalog (. )
+ LAT Query Results update them. = LAT First High-Energy Source Catalog (1FHL)

+ LAT Weekly Files

LAT Monitored Source List Light Curves
+ GBM Data Note that the LAT and GBM data are accompanied by caveats about their use.

LAT GRB Catalog

Extended Sources in the Galactic Plane (FGES)

Second Fermi All-sky Variability Analysis Catalog (2FAV)

1st Fermi-LAT SNR Catalog

LAT 3-year Catalog of Gamma-ray Pulsars

o Other useful LAT related products

= List of LAT GRBs announced via GCN notices (external)
= List of LAT Sources announced via ATels
= LAT List of Detected Gamma-Ray Pulsars (updated frequently)
= LAT Pulsar Ephemerides from Publications
= LAT Background Models
= List of time gaps in LAT data

+ GBM Data

-

alalinel el « LAT Photon and Extended Data

Caveats o LAT Data Server (updated with P8R3 data 26-Nov-2018)

o LAT Low-Energy (LLE) Data (Browse table)

o Products available on the FTP Site (current processing version of the data).
» FAQ = Weekly Photon Files

= Weekly Spacecraft Files

= Mission Long Spacecraft File

= Weekly 1-second Spacecraft Files

= Filtered Weekly Photon Files with Diffuse Response Columns

-
o o o o o

-

Newsletters

o Previous processing versions available on the FTP site
= Pass 8 (P8R2) Weekly Files
= Pass 7 (V6d) Weekly Files

« Pass 7 (V6) Weekly Files o GBM Trigger Catalog (Browse table)
= Pass 6 (V11) Weekly Files o GBM Burst Catalog (Browse table)
= Pass 6 (V3) Weekly Files o GBM Daily Data (Browse table)
o ASDC data server (external) o GBM ContlnuF)us Data (FTP archive)
X . o GBM Terrestrial Gamma-ray Flashes (TGF) Catalog
« LAT catalogs and associated products (high-level products only) o Untriggered GBM Short GRB Candidates (external)
o LAT Source Catalog o GBM Earth Occultation Light Curves (external)
= LAT 8-year Source Catalog (4FGL) o GBM Pulsar Spin Histories (external)
= Preliminary LAT 8-year Source List (FL8Y) o List of GBM GRBs announced via GCN notices (external)
= LAT 4-year Source Catalog (3FGL) « Additional Data

0 Ly S EEE (EreD) o Predicted Spacecraft Pointing (FT2) Files

= LAT 1-year Soufce Catalog (1_FGL) o Multiwavelength Programs Supporting Fermi 12
= LAT 3-month Bright Source List (OFGL) o Fermi Solar Flare Observations
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7z GBM Data Tools

/ Space Telescope

Welcome to the Fermi GBM Data Tools
documentation!

Python interface to GBM
analysis provides a leap

for community GBM data
analysis and supports multi-
instrument analysis.

Heflo, I'm Fermi. Pleased to meet you!

_ , _ _ . New video tutorial!
The Fermi GBM Data Tools is an Application Programming Interface (API) for GBM data. The .
fundamental purpose of the Data Tools is to allow general users to incorporate GBM analysis into httpS//fe rm|.gSfC- Nasa -gOV/

their scripts and workflows without having to sweat very many details, To this end, the Data Tools aasz37/tutor|a| VldeOS html

have a fairly high-level AP| layer allowing a user to read, reduce, and visualize GBM data with only a

few lines of code. For expert users, and users who want fine control over various aspects of their
analysis, the Data Tools exposes a lower-level API layer, which can also be used to generalize the

GBM Data Tools to data from other like instruments

https://fermi.gsfc.nasa.gov/ssc/data/analysis/gbm/
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https://fermi.gsfc.nasa.gov/ssc/data/analysis/gbm/
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Space Telescope

* Python framework developed for
the Fermitools

* Interfaces to plotting and diagnostic
tools

* Pipeline-building tools

e Jupyter Notebook tutorials for
baseline LAT data analysis
procedures

* Publicly available on github

" Fermipy

Installation
B Quickstart Guide

Creating a Configuration File
Creating an Analysis Script
Extracting Analysis Results
Reloading from a Previous State
IPython Notebook Tutorials

Configuration

Output File

ROI Optimization and Fitting

Source Localization Map

Old Position
New Position

68% Uncertainty
99% Uncertainty

GLON

Docs » Quickstart Guide © Edit on GitHub

Quickstart Guide

This page walks through the steps to setup and
perform a basic spectral analysis of a source. For
additional fermipy tutorials see the IPython Notebook
Tutorials. To more easily follow along with this example
a directory containing pre-generated input files (FT1,
source maps, etc.) is available from the following link:

$ curl -OL https://raw.githubusercontent.com/fermiPy/
$ tar xzf mkn42l.tar.gz
$ cd mkn421

Spectral Fit

3FGL J1555.7+1111 (PG 1553+113)

EdF/HE[MeVem * s ']

10° 10' 10* 10°
Energy [MeV]

00
-03
-06
-o9§
-128
g

158

=21
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<L ami Fermi observational efficiency undiminished with one

Gamma ray

7= stationary solar array

2 orbit (3 hour) exposure for sine-modified profile

New sine-modified profile used
~34% of the time in place of
traditional sky survey.

* No impact to GBM

 No reduction in LAT
instantaneous sky coverage

e LAT survey is less uniform on
short time scales, but
cadence for ~85% of the sky -SKy COverage reacneo n -1 week ror
is 1.5 hrs instead of 3 hrs sine-modified profile observations

Sun is not observable during sine-modified survey but is during two-sided rocking.

15
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Space Telescope

* Two-sided rocking, symmetric +50/-50 or asymmetric
+50/%60, for |beta| < 24

Two orbit period: south for one orbit and north for the
next

150 (beta < 14): 44.2% of the time
+50/+60 (14 < beta < 24): 21.3% of the time

Shorter time to achieve full-sky coverage and allows
solar observations

* Sine-modified profile with 50° amplitude for |beta| > 24

One orbit period, sine function with amplitude 50°,
phased so that zero crossing is at orbit 6 am and 6 pm.
Constant 50° during orbit night.

In use 34.5% of the time

Takes up to a week to expose full sky during these
intervals.

* Documented on the FSSC web site:
https://fermi.gsfc.nasa.gov/ssc/observations/types/post

anomal

/’ . .
m POSt-solar array anomaly observing profiles

Sine-modified profile

5715 4|1 nrnf:'letxt :

60

-60
-1000 0 1000 2000 3000 4000 5000 6000 7000

Angle between the orbit plane and the Sun
during 2019.

B angle (deg)
U

I 2-sided rocking

150 200
Day of Year - 2019 16


https://fermi.gsfc.nasa.gov/ssc/observations/types/post_anomaly/

Modified Fermi Survey: Sky Coverage at 1 GeV

Traditional +/-50 rocking profile Sine-modified profile

* Fraction of sky exposed
more than 50% of mean

* 50/50 rocking:
* 1orbit: 62.5%
e 1day: 100%

* Sine-modified:
* 1 orbit: 85.3%
e 1day: 87.6%

* Modified sine has “holes” in
coverage toward the Sunand
anti-Sun directions, but :
observes the other ~85% of
the sky with a cadence of 90

mins (i.e., double that of
normal sky survey).

+/- 50 rocking, 1 orbit modified sine, 1 orbit
0
50 100

+/- 50 rocking, 1 day
0 0 100

modified sine, 1 day




